This study evaluated the effects of irrigation water management techniques on the growth and yield parameters of madumbe (Colocasia esculenta) irrigated with anaerobic filter (AF) effluent. The irrigation water management treatments considered were alternate wetting and drying (AWD), continuous flooding irrigation (CFI) and wetting without flooding (WWF). It was hypothesized that irrigation techniques with anaerobic baffled reactor (ABR) effluent have a significant effect on the growth and yield of madumbe. The effects of the treatments were significant (P < 0.05) on the number of irrigation events, amount of irrigated water and daily water balance. The treatments had no effect on the growth parameters (plant height, leaf number and leaf area index (LAI) (P > 0.05)).
INTRODUCTION
Wastewater is the only potential source of water that will rise as the population increases and the demand for freshwater rises (Heidarpour et al. ) . According to Qadir et al. () , urban and peri-urban farmers in almost all developing countries have no choice but to use wastewater.
Metropolitan population growth, predominantly in developing countries, places enormous stress on water and land resources; as a result, a growing volume of wastewater is being released and most of it untreated. The rate of wastewater usage for irrigated agriculture in urban and peri-urban and even in far rural settlements downstream of the new megacities is increasing. Sustainable techniques for wastewater disposal that enhances crop production will ease water shortages, and recycling of nutrients also necessitates the use of treated wastewater for irrigating crops (Pedrero et al. ) .
The practice of periodic drying and re-flooding of fields during the lifecycle of a crop is referred to as alternate wetting and drying (AWD) irrigation management (Lampayan et al. ). The continuous flood irrigation (CFI) maintains standing water at all times (anaerobic conditions) (Yao et al. ) . Well-watered conditions with 100% water holding capacity is another irrigation management technique (Ruíz-Sánchez et al. ) . This is referred to as wetting without flooding (WWF).
The anaerobic baffled reactor (ABR) is made up of a series of compartments separated by discontinuous hanging baffles (Wang et al. ) that separate the compartments and force the wastewater to move through the treatment train with an upflow velocity sufficiently low to prevent biomass wash-out. The flow pattern promotes improved contact between the influent wastewater and the retained biomass.
According to Bame et al. () , ABR as a high rate digester (anaerobically) involves different hanging and vertical baffles premeditated for wastewater treatment. The ABR is an appropriate method for medium or short-term hygiene solutions in low-income societies (Foxon et al. ) .
According to Musazura et al. () , the ABR effluent comprises nutrients (potassium, phosphorus and nitrogen) which are significant for growth of crops. Further treatment of the ABR effluent is undertaken by passing it through two consecutive beds of coarse stones (anaerobic filter, AF). The nutrients available in the effluent have economic value as a fertilizer when used for irrigation because the source of the wastewater is domestic households (Bame et al. ) . There is no reported work on the response of madumbe to different irrigation management techniques using decentralized wastewater treatment system (DEWATS) effluent. This study, therefore, investigated the effect of irrigation water management techniques on the growth and yield parameters of madumbe. It also investigated the number, amount of irrigation, field water balance and water productivity. The (alternative) hypothesis was that irrigation water management techniques with ABR effluent have a significant effect on the growth, yield of madumbe, water balance and water productivity.
METHODS

Description of the study site
The layout of the research site at the Agricultural Hub, New- where the irrigation trials take place. Excess treated effluent is returned to the trunk sewer. The composition and characterization of the AF effluent is presented in Table 1 .
Experimental design and treatments
The field 
Planting material and technique
The South African madumbe landraces obtained from Umbumbulu (eddoes types) were used as planting materials. Using these values of Kc and ETo from the AWS, the crop water requirement (ETc) was then calculated according to Mabhaudhi et al. () . The data obtained over the period of the trials is presented in Table 2 .
Data collection and analysis
Data were collected fortnightly from three sample plants Yield (t=ha) ¼ Yield per net plot (kg)Ã10,000 Net area of the plot (m 2 )Ã1,000
The water balance was calculated according to Fereres & Connor () and water productivity calculated as the ratio of total corm yield to the total water use (El-Zohiri & AMH ). Data sets generated were subjected to statistical analysis of variance (ANOVA) by one-way ANOVA using GenStat ® 18th edition analytical package. Significant difference was determined at P 0.05. Duncan's multiple range test was used to separate means at the 5% level where the treatments are significant.
RESULTS AND DISCUSSION
Effect of water application
The effects of irrigation water management techniques with AF effluent were significant on the total amount of irrigation and total water used (P ¼ 0.002). The effects were highly significant (P < 0.001) on the number of irrigation events and daily water balance (Table 3) . A significant (P < 0.05) 
CONCLUSION
This study showed that madumbe (eddoes landraces from Umbumbulu) was susceptible to flooding (CFI). Attempts to domesticate the landrace out of its native method of irrigation (WWF) were unsuccessful as the crop failed to produce significant yield. Madumbe is a wetland crop, so it performed and produced reasonable yields under continuous wetting without flooding (WWF) conditions. The CFI treatments had the highest number of irrigation events and consumed the largest amount of irrigation water. The highest yields of 7.52 and 9.84 t/ha were obtained for the two seasons with WWF treatments. These yields were higher than the global average yield of madumbe. The eddoes landrace under flooded conditions (CFI) showed a significant reduction in corm yield compared with WWF and alternate wetting and drying (AWD) conditions. The major effect of CFI was found on the total biomass per plant. The yield obtained in this study was mainly an effect of different irrigation water management techniques using water reuse (anaerobic filter (AF) effluent) without application of additional (organic or inorganic) fertilizer. The adoption of an irrigation management technique such as WWF using AF effluent could therefore be concluded as a relatively cheaper way of enhancing food security and sanitation, especially in urban and peri-urban settlements. The hypotheses on water balance, water productivity and yield were accepted while that on growth parameters was rejected.
